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No.56 Face l,. pe Juan, Puerto Rico, April, 1931. 


; SyOrM ee. OT RUS) PROBL Ei Ss. 
_ROOT FORMATION AND FaRTILIZING. 


By Henry C.. Henricksen. 


The results of a study of the root formation of citrus trees in Puerto 
Rico shows the feeding root area, in clay soils, to be much more limited than 
has been generally believed. This is of sui importance considering that most 
of the existing groves are planted on clay soils. This paper was read at a 
citrus growers field mecting held March 31, 1931, and it is being published 
after consultation with the fruit growers who have cooperated in the work upon 
which it is based. Some of these growrs haw already profited by the findings 
here reported and it is hopod that many more will do so after becoming acquaint- 
ed with sxisting conditions. 

Differences in root development that may be ascribed to the part of the 
tree above the bud-umion vere not studied, neithor were diffe rencés due to 
individuality of the stock upon which any tree was budded. The conclusions 
drawn from the study are based entirely upon tie root development of tho aver- 
age, apparently normal, tres growing in Light sandy soil, hoavy clay soil an d 
some of the inte mediate soil types. 

ROUGH LEMON STOCK. - Tho rough lemon is, at present, the predominating stock 
in most of the older groves in Puerto Rico, -and therefore the data in connec- 
tion with that are vory complote. In well aerated sandy soil the horizontal 
spread of the roots was found to be much greater than the horizontal spread 
of the branches of tho same tree. The depth wis found to te variable, usually 
the largest number of the feeding roots were found in the upper sight inches 
of the soil, but frequently many wero found at a depth of two feet and oc- 
casionally as far dom as five to six feet or mora. But in no case was a 
well developed tap-root encowtered. 

In heavy clay wil the horizontal spread of the roots was [ound.to be 
practically equal to tmt of the branches. In few deen only were feeding 
roots found a few inches beyond the horizontal spread of the branches. The 
depth of the feeding roots was found to be surorisingly small. Some roots 
were encountered at a depth of about twlve inches but practically all the 
feeding roots wore located in the upper cight inches of soil, end usually more 


were present in tho upper two than in the lower two inches of ths cigkt inch 
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stratun..#-we Ll. developed tap root> wes not found on any of the trees. examined. 
tn loose. well aerated clay soils or in sandy clay, that wes not too com- 
pact, the extent of the root development was found to differ according to the 
compactness, tie amount of vegevation and the freguoncy of plowing or cultiva- 
tion. Soils that had not becn plowed or cultivated for many years, and which 
wereccovored by a heavy sod, were usually found to be fairly permeable. In 
such soils some feecing roots were usually found at sme distance beyond the 
hori. zontal spread of the branches, but never as many as in the soil under the 
branches. 
SOUR ORANGE STOCK. - For the purpose of the present discussion it is suffi- 
cient vo stave that in clay soils tho horizontal spread of the roots of the 
sour orange is as grout as thas of tne rcugh lemon but tho number of roots per 
square foot is usually ha less. The dcpth of th anchor roots of sour orange 
is usually much greater than thet of the rough lemon, but most of the feeding 
roots are located close to the surface, similar to thoso of the ugh lemon. 
A well dovelcped tap root was found on most of the trées oxemincd. It may be 
mentioned that in the hoavy clay soils many of the decper roots scomed to we 
unusually much dcecayed. That is perhaps duc to a lack of acration at some 
prolonged period in tho trocs’ existoncs. 
GRAPEFRUIT STOCK. - The root devclopmont of grapefruit stock on clay soils 
seems to differ mainly from that of rough lemon stock in having some decp anchor 
roots. The fecding roots were found mainly in tm uppor ocight inchos of soil, 
spreading horizontally to a distance similar to thosc of tls yough lomon stock 
in similar soils. <A well dovelopod tap root waa usually found. 
ROOT FCRMATION ON iTLLSIORS. = The purpose of treo roots is partly that of 
anchorage 4nd special provisions are usually made for resisting strains caused 
by wind or gravity. This is always noticcablo on hillsides where the root 
system of citrus treos is much morc extensive on tho upper than on tho lower 
side of the slopo. That is of importance in fertilizing and will bo discussed 


Later. 


CONGLUSIONS. ~ The following conclusions may be drawn from the data at hand: 


‘ 


(1) In more ee less impermeable 30i1, in which sufficient aeration is lacking, 
the feeding roots do not extend much below tho upper eight inches. The hori- 
zontal spread is seldom wyond that of th tins of the branches gece where 
the soil is not plowed or cultivated, and where the surface isa kept pormeable 
by 2 heavy growth of amnuals; (2) in woll aevzoted soils tho feeding roots may 
spread out an indefinite distance beyond the oranuches, cven though the soil is 
cultivated periodically, for wnder those condiiisns the roots may thrive in the 


deoper strata; (3) it is evident tht soil acration is the underlying reason 


= 


eter ts Tt are 
: Wier tae 


om 
ona 


ae 


4 , Jf 


ae ee 


a } e Ray te i 
ESL RY 


PT Oe ot tee oe eee Set eecee 
SEL LE OE NG rE OG OY NS TS ts Sm Ne Lm Oe Om We ey Oe ee ee ee Se Ol Re CY OT OR Oe A eS ns Sc Ln eS a Ye Og 


No.56 Pago 3. AGRICULTURAL NOTES. Apral, Last, 


SF Ae ee a ed pene ene cele 
— eee LE Ae A A PY 


ee 


for high planting, as practiced in Pucrto. Rico, and that any contomplated 
clango in method of planting must bo tascd upon soil acrations (4) Tho present 
method of planting must involve mulching in order thit it may be most succoss- 
ful. Tho soz in the mound upon which tho treo is plantcd is much subjcct to 
drying cspecially during tho first fow yoars before the brancis afford much 
shade. Inevitably that restricts root development, and it can be prevented, 
to some oxtent, by maintaining a hcavy grass mulch. 

AN EXPERIMENT IN PLANTING. = With the eae that depth of root fomation 
is governed by soil mes eh and that soil acration is governed mainly by 
physical condition and moisturo content, the conclusion follows that by mect- 
ing those requiromcnts a decp root systom can be induced. That this conclusion 
is corroct nceds to te proved and tho following cxporiment was started for that 
purpose: Holes 5 fcot in diamctor and 4 foct deep wore dug in clay soil. At 
one side of cach hole a small excavation was mado and filled with rock, A tube 
4~1/2 to 5 foot long was placed vertically upon that rock aftcr which the hole 
was filled. Some holes were filled with clay mixed with varying amounts of 
decayed matcrial from the San Juan dump heap. In other holes bamboo stakes 
were placed vertically a fow inchos apart and soil of varying composition vas 
filled in. After the soil had settled, troes, buddcd on rough lemon, sour 
Orange and grapofruit stocks yoro planted in the soil mounded up to a height 

of about 12 inches ower cach holo, and a heavy grass mulch was applied. 

These trees will bo liberally fcrtilized, and watcred when the moisture 
content of tho soil gocs below what may be considered the mininun for normal 
tree growth. Onco a week, or oftener when neccessary, a rod will be lot dow 
into the tube, mentioned previously, when the water content of the hole is 
large Gnough to be pwaped out the water will be removed by moms of a hand pump 
inserted through the tube. After a few years growth the trees will be romoeved, 
a few at a time, for the purpose of studying root dewlopmcnt. If tho method 
is suecccssful it cam be usod, advantagcously, ospecially on hilly land where 
drainage can bk provided by tubing connecting one holo vith unothor and with 
the outlct at th bottom of tho slope. 

METHOD OF FERTILIZING AND PROBABLE LOSS OF FERTILIZERS. - 

The fertilizer problem includes many phasos, two of which hive been studied 
by the writor during the past few months. One, where shail the fertilizer he 
applied and how shall it be covered? dnd the other, what is the probable loss 
after it is applied? The first question will be ansvered upon the basis of the 
study of the root system mentioned previously, md tle socond upon the basis of 


present knowledge of soil physics and chomistry applied to local conditions. 
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WHERE SHALL THE FERTILIZiR DE APPLIED? - Three distinct methods of fertil- 
izing have been practised in Puerto Rico in grows with trees ten yoars old, 
or older. (1) Spreading the fertilizers broadcast over the whole soil area 
execpt close #0 the trunk of the tree; (2) applying tle fertilizer in a trench 
around the tree at the same distance from the trimk as the tips of the horizons 
tal branches; (3) spreading the fertilizer on the soil area covering the outer 
part cf a circle in which the tree trunk is the center and the tips of the hori- 
zontal branches the circumference. 

With present movwedgo of root development it is obvious that no one will 
uso the first-mentioned method on clay soils. The trench mothod has apparently 
given good result in many casog and it seons Ra ar oie to suppose that it may 
do so. Yot, it must bo remombored that aftor cutting most of fine roots in the 
region, in which the tronch is made, much loss of feortilizcor salts may take 
place boforc new roots are formed. 

The third method has tho advantage over tho tw former tint the fortil- 
izgcrs cannot fail to come in contact with an abundance of focding roots; and 
if there is sufficicnt moisturo in tle soii the roots will be ablo to avail 
themselves of tho fertilizers imucdiately. 

The trench method offers no problem in eege a to covering the fortilizer, 
but the last mentioned method does. The tree roots arc sa close to the sur- 
face that even very shallow hoeing destroys many of them. In one grove weter 
ws pumped from irrigation furrows and applied under each treo by means of a 
hose. That is an excellent method and not as costly as it my appear to be, 
One of the disadvantages of it is that it puddles the soil, more or less, and 
leaves it in a condition that is not very favorable to tiv tree roots. 

The bost method suggesting itsclf is tht of mulching. & cover crop can 
be grown in most of the groves, for the trees seldom cover the ground entirely. 
If that were cut, from time to time, and sproad over the roots, no ho¢ing 
would be needed. The old-time argument that mulch is undczimbic because it 
draws the roots es the surface is valucless in thia ease for the roots are as 
close to the surfaco as they cen pot. aA combinatiow of mulching and a suitable 
systom of sprinkle irrigation will be almost ideal. The mulch will prevent 
puddling of the soil when the water is applio¢e “nd it prevénts cvapo mtion 


after it is applied. 
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